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1998 promises further gains 
for compound semiconductors 
Roy Szweda, Associate Editor 
I In our first issue for the year it is timely to take stock of market and technical trends for advanced semicon- 
ductors and look at the progress of some of the topics III-Vs Review covered last year. The prospects for the 
next 12 months look good, with GaN set to remain the focus of attention. Significant challenges remain, 
however, not least of which will be the growing presence of competing materials such as SiGe. 
ooking ahead at the 
ospects for the year, 1998 
ill see even better R&D and 
business opportunit ies for the 
compound semiconductor indus- 
try. Good growth can be expected 
in many areas such as high resolu- 
tion LEDs (HRLEDs) for displays, 
FETs and microwave monolithic 
ICs (MMICs) for mobile communi- 
cation applications, and, perhaps, 
we might see the first practical 
blue laser diode: 
While the optoelectronics mar- 
ket is secure, however, GaAs will 
see intensified competit ion from 
Si-based devices in high frequency 
applications. Farther out, new busi- 
ness opportunit ies beckon from 
the MEMS (micro-electro-mechani- 
cal structures) field (Figure 1). It 
should make for an interesting 
year! 
Looking at the 
mainstream 
Before getting into the realm of 
compounds,  however, it is worth 
placing the industry in the context 
of the mainstream semiconductor 
market.A useful guide to the entire 
semiconductor business is the lat- 
est edition of the Profile of the 
Worldwide Semiconductor Industry, 
a sister publication of III-Vs 
Review, which has just been pub- 
lished by Reed Electronics 
Research. This report provides an 
overview of the semiconductor in- 
dustry from technical and business 
viewpoints and a market forecast 
for semiconductors. 
Even though the market suf- 
fered disastrous reduction in rev- 
enues through 1995-97, there are 
signs that it is picking up. Accord- 
ing to the report, the worldwide 
merchant semiconductor market 
was worth a total of US$132.3 bil- 
lion in 1996 and this will have 
reached $234.9 billion by 2001. 
The IC market was worth $115.4 bil- 
lion in 1996 and this is forecast o 
grow to $211.0 billion in 2001. 
Discrete devices will represent 
around 12-13% of the device mar- 
ket, but this will diminish as more 
devices become integrated. 
What is so overwhelming in 
these numbers is the fact that 
these devices are predominantly 
based on one type of silicon device 
- the CMOS FET. Intel used to make 
Pentium chips from a sister tech- 
nology which merged bipolar and 
CMOS, so-called 'BiCMOS', but has 
since reverted to CMOS. Adding all 
this up it means that the CMOS 
FET market amounted to more 
than $100 billion in 1997. 
The dominance of the FET con- 
tinues into the GaAs arena where 
more than 80% of all the electronic 
devices produced, discretes and 
ICs, are of the FET-type. The domi- 
nant device technology in GaAs 
electronics is the analogue/mi- 
crowave metal semiconductor FET 
(MESFET) and this looks set to con- 
tinue because the high electron 
mobility transistor (HEMT) is really 
only a more sophisticated version 
of the FET. Reed's report estimates 
that the GaAs IC market was worth 
$781 million in 1996 and will grow 
to more than $1.4 billion in 2001 
(Figure 2). 
Optoelectronics represents one 
of the strongest sectors for discrete 
devices, accounting for nearly a 
quarter of the merchant rade. The 
report estimates that the optoelec- 
tronics device market was worth 
$4.1 billion in 1996 and will grow 
to more than $7 billion in 2001. 
Encouragingly, more than 85% of 
these devices are based on III-V 
semiconductors. 
Still the little brother 
All of the above figures illustrate 
that the silicon market is still un- 
comfortably vast when compared 
with the diminutive compound semi- 
conductors market. Moreover, the 
compound semiconductor market 
is still dominated by discrete de- 
vices, principally optoelectronic 
and microwave, with ICs account- 
ing for less than 25% of sales.This 
is in stark contrast to the silic%n 
market where discrete devices 
make up around 10% of the market 
reflecting, in part, the total lack of 
optoelectronic ICs (OEICs) and the 
lacklustre digital GaAs IC market. 
Microwave devices (MMICs), the 
jewel in the crown of III-Vs, are 
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Sandia develops MEMS/photonics device 
Sandia National Labs have 
demonstrated prototypes how- 
ing how photonics and MEMS 
technologies can be integrated. 
As part of a programme xplor- 
ing the miniaturization of 
electromechanical  components  
to make weapon systems safer, 
this is a joint effort involving the 
Center for Compound Semicon- 
ductor Science and Technology 
(CCSS&T) and the Microelec- 
tronics Development Laboratory. 
Figure 1 shows a top view of 
the gold-covered MEMS shutter 
and a VCSEL light beam visible 
through a hole in that shutter.As 
drive voltages are appl ied to the 
electrostatic micromotor,  the 
shutter otates, thus periodically 
allowing the VCSEL to transmit. 
Depending on the control sig- 
nals, the shutter can rotate in ei- 
ther direction and at a variety of 
speeds. By thus blocking or pass- 
ing a laser beam, the MEMS shut- 
ter can be used to enable 
transfer of signals or power  by 
optical means. This demo is a 
combinat ion of two technolo- 
gies that Sandia is well  known 
for: MEMS and VCSELs. Several 
fabrication and packaging chal- 
lenges had to be overcome in 
order to implement the com- 
bined MEMS/photonic function- 
ality. The 1.06 lam VCSEL was a 
design recently developed in 
the CCSS&T; at this long wave- 
length the silicon in the MEMS 
device is transparent. This al- 
lows the laser beam to propa- 
gate through the MEMS device 
substrate and, in the future, 
could enable the use of similar 
silicon MEMS structures to route 
optical signals to different parts 
of a chip. See the Photonics/  
MEMS Technology Development 
webpage at:www.mdl.sandia.gov/ 
micromachine/opto.html  
Figure 1. Top view of the shutter with a VCSEL beam visible through the hole. 
growing strongly at the expense of 
discretes, but so far there is no 
prospect  of a significant commer-  
cial OEIC market or rejuvenation 
of digital GaAs ICs. 
There is an oft-rumoured possi- 
bility that Intel's Pentium may one 
day switch to GaAs and this would 
in an instant transform the market- 
place. This family of devices is po- 
tentially worth  at least a thousand 
times the total market for all other 
types of GaAs ICs. In fact, there are 
groups working on GaAs-based mi- 
croprocessors: the University of 
Michigan is presently working on 
the PUMA project and is develop- 
ing a working device based on the 
Motorola heterostructure bipolar 
transistor (HBT) process. Elsewhere, 
there is the collaboration between 
the Technische Universitiit in 
Berlin, Germany, the compound 
semiconductor  group of Motorola 
in Phoenix, Arizona, USA, and 
Cascade Design Automation, in 
Seattle, Washington, USA, which is 
focused on fully digital high-speed 
clock generators for GaAs micro- 
processors and other logic de- 
vices. The group is looking to 
achieve max imum output frequen- 
cies of more than 1 GHz and the 
implementat ion of the phase-lock 
loop as a macro cell into the 
Cascade library environment.  
These microprocessors  devices, 
however, are not yet scheduled for 
product ion and are more like to be 
technology demonstrators. Never- 
theless, they could come into their 
own in the new century. 
The market for InP looks set to 
continue to grow, but most strong- 
ly in the semiconductor  sector for 
optoelectronic applications rather 
than for electronics. There is, how- 
ever, an implicit per formance ad- 
vantage to be gained from using 
semi-insulating InP, especially for 
very high frequency electronic de- 
vices such as mill imetre wave de- 
vices or even as high as the 
terahertz region. So it is anticipated 
that the GaAs high performance 
market will to some degree be 
eroded to the advantage of InP For 
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Figure 2. GaAs IC markets from 1996 to 2001; the IC fraction of the total GaAs electronic 
device market will increase over this period from just under half the market in 1996 to two- 
thirds by 2001. The total GaAs electronic device market, i.e. discretes plus ICs, in 2001 is 
thus going to be worth closer to $2 billion. 
the moment, however, this is a fairly 
small market segment worth approx- 
imately $35 million per year rising 
to around $200 million by 2002. 
Silicon intrudes on 
GaAs territory 
The silicon industry not only 
dwarfs the compound semicon- 
ductor market, but it is increasingly 
making inroads into domains that 
were once the exclusive preserve 
of GaAs. In the battleground that is 
modern telecommunications, and 
mobile communications in particu- 
lar, GaAs holds sway but is being 
surrounded by silicon. Sadly, Santa 
Claus once again did not bring any 
of the telecoms companies the sin- 
gle chip phone that they have long 
had at the top of their Christmas 
present list.This is the Holy Grail of 
the mobile comms sector, a device 
that is in effect a 'telecoms micro- 
controller', implementing new 
functions via software rather than 
hardware. In the ever-changing, 
fiercely competitive telecoms mar- 
ket, where functionality, talk-time 
and product differentiation rule, 
the company with the first single 
chip phone will be on to a winner. 
The odds, however, are stacked 
against his being a GaAs-only chip. 
The major manufacturers would 
prefer it to be made of silicon so 
that they can leverage that materi- 
al's economics. 
During 1997, III-Vs Review re- 
ported on Philips Semiconductors' 
efforts to assert its position in mo- 
bile comms with technologies that 
threaten GaAs. Philips launched 
'double poly' technology last year, a 
processing breakthrough in the 
production of silicon RF transistors 
with transition frequencies of bet- 
ter than 23 GHz, enabling RF tran- 
sistors used in mobile phones to 
be made in silicon rather than 
GaAs. Double poly technology is 
optimized for 2.4 to 3.0 V opera- 
tion. Therefore, without compro- 
mising standby and talk times, a 
battery pack can be made smaller 
and lighter by using two cells in- 
stead of three.With batteries usual- 
ly being the largest and heaviest 
part of a mobile phone, the tech- 
nology leads to products that are 
considerably ighter (Figure 3). 
Philips Semiconductors has just 
announced enhancements o its 
double poly technology, including 
inductance loops, capacitors and 
resistors on-chip to create MMICs, 
thereby reducing costs and design 
time for mobile phones. The 
MMICs typically reduce external 
components from a count of 30 to 
around six in the front-end circuit 
of a mobile phone's receiver. 
Philips says this will make design- 
ing mobile phones easier and 
quicker, as well as making them 
more reliable. In addition to their 
small signal use, the new Phillps' 
MMICs can be used in a phone's 
RF power amplification stage. 
Philips Semiconductors has de- 
signed several devices using this 
new technology, which will be 
available in mid-1998. These in- 
clude the 'BGA2001/2/3' MMIC am- 
plifiers, the 'BGA2051' MMIC 
power amplifier, the 'BGA2021' 
mixer MMIC and the 'BGY241' 
UHF amplifier module where it has 
been possible to achieve high per- 
formance combined with very 
small size, because of the use of 
double poly MMICs and power 
stages. The BGA2001, BGA2002, 
and BGA2003 MMIC amplifiers 
have an NPN Double Poly RF tran- 
sistor combined with an integrated 
temperature compensation bias in 
a plastic four-pin SOT343 package. 
SiGe technology 
developing 
GaAs has considerable margin for 
the requisite low power/low noise 
characteristics needed for the criti- 
cal front-end receiver sections of 
the phone. However, it is under 
pressure from silicon in another di- 
rection and that is through silicon- 
germanium. 
We also reported on SiGe last 
year. In particular, we looked at a 
new Canadian company SiGe 
Microsystems of Ottawa, Canada. 
This company remains the sole 
merchant provider of SiGe epi- 
wafers and is currently completing 
a patent cross-licensing deal with 
IBM which includes a SiGe UHV- 
CVD process. In 1998, SiGe 
Microsystems' customers will be- 
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gm product shipments, while the 
company will add an 8-inch UHV- 
CVD epitaxy system for fourth 
quarter 1998 production. 
IBM's SiGe partners are also 
ramping up production - IBM pio- 
neered SiGe development and is 
working with Hughes, Harris 
Semiconductor, National Semicon- 
ductor, Nortel and Tektronix (TEK) 
to bring the material to commer- 
cial markets. Indeed, Harris has 
plans to introduce a SiGe RF front- 
end for a dual-mode cell phone in 
mid-1998 with a 2.4 GHz wireless 
LAN device due later in the year. 
In Europe, Epigress has a world- 
wide licence to use the technology 
with its range of UHV-CVD reac- 
tors; the hot-wall reactor cells in 
these units give exceptional purity 
and are capable of homogeneous 
deposition of SiGe on up to 25 
8-inch wafers in each batch. 
Silicon-based electronics, such 
as those using bipolar and SiGe- 
based devices, are continually be- 
ing improved so as to encroach on 
the high frequency domain (i.e. 
over 1 GHz) of GaAs.This is the in- 
evitable consequence of the dis- 
proportionately greater R&D and 
production impetus behind sili- 
con, let alone the vast economies 
of scale empowered by its larger 
substrates and optimized produc- 
tion fabs.These are the reasons for 
the anticipated steady, rather than 
explosive, growth of GaAs elec- 
tronics markets. 
Another SiGe provider to make 
headline news in 1997 was TEMIC 
Semiconductors, with a late 
December announcement reveal- 
ing that it was to be sold to Vishay 
Intertechnology of the USA for 
around $500 million.The sale is de- 
signed to enable Daimler-Benz to 
concentrate on its core transport 
businesses, although it will retain 
the automotive lectronics part of 
TEMIC. Aside from its SiGe activi- 
ties, TEMIC is a world leader in 
compound semiconductor devices 
for optoelectronics and MMICs. 
The company is also partnered 
with an independent joint venture 
ofThomson-CSF and Daimler-Benz 
Aerospace in United Monolithic 
Semiconductors (UMS). That com- 
pany has two production facilities: 
Ulna in Germany and Orsay in 
France, with commercial headquar- 
ters located in Orsay. Recently, UMS 
has announced the EC2612 'Super 
Low Noise Transistor' which is de- 
signed for low noise application 
with high associated gain in the 
frequency range of 1-40 GHz. The 
device is based on a UMS pseudo- 
morphic GaAs technology, with 
the O. 15 lain aluminium gate featur- 
ing low resistance and excellent re- 
liability. Typical noise is 0.5 dB at 
12 GHz and 1.5 dB at 40 GHz with 
respectively 14 dB and 915 dB asso- 
ciated gain. 
UMS also announced that it is 
introducing a new foundry service 
on an extremely high-frequency 
diode technology based on an epi- 
taxial 1.0 lam Schottky diode 
process. The BES 100 technology 
including spiral inductors, MIM ca- 
pacitors,TaN resistors and via-holes 
offers cut-off requency >3 THz, al- 
lowing the production of mixer 
and switch circuits for high-perfor- 
mance applications up to W band 
operating frequencies. A big ad- 
vantage compared with HFET tech- 
nology, claims UMS, is the large 
reduction at the reciprocal fre- 
quency noise; a solder bump op- 
tion is also on offer in order to 
reduce the connection parasitics. 
Epiwafer markets 
Just like the device sector, the sili- 
con wafer market has fundamental 
dissimilarities to that of its com- 
pound counterparts. In inverse re- 
lation to GaAs, the smaller the 
silicon wafer the higher its price. 
Also, despite the significantly small- 
er volumes of material that are 
sold, there are many more com- 
pound semiconductor substrate 
suppliers than there are in silicon - 
around 20 compared with less 
than ten, respectively. 
Another difference is that sili- 
con substrate suppliers also tend 
to be in the epitaxy business, 
although the greater proportion 
of this is captive. In the III-Vs 
semiconductor industry there are 
numerous pecialist merchant epi- 
wafer suppliers, ten or more, and at 
least as many captive piwafer pro- 
ducers. Further, until recently it 
was only in Japan that you could 
t'md suppliers that provided suly 
strates, as well as epiwafers. In oth- 
er compounds, such as SiC and 
GaN, there are North America com- 
panies that supply both business 
sectors. 
Last year saw the debut of two 
new US players in the merchant 
epiwafer supply market. In 
California, Widegap Technology 
(WiTech) is focusing on GaN epi- 
wafers, while on the East Coast, 
Epitaxial Technologies LLC of 
Baltimore, Maryland, is targeting 
the GaAs market. 
The market for GaN substrates 
looks inviting, but is unlikely to 
form before 2000. This is for two 
reasons, firstly because the bulk of 
devices hipped rely on either sap- 
phire or SiC substrates and second- 
ly because the technology, let 
alone the commercial set-up, is still 
immature. The sapphire substrate 
industry is well established and has 
enjoyed an unspectacular, though 
steady, business in optics and in sil- 
icon devices for several decades. 
Players in this market expect o be 
able to track the pace of the expan- 
sion of this market, meeting the 
technical and pricing changes in 
good time and helping the market 
to grow. The price of sapphire will 
come down to enable GaN LEDs to 
achieve price parity with the long- 
er wavelength devices. Unlike the 
silicon wafer market here is as yet 
little demand for larger substrates 
with users content with 2-inch. 
SiC is still looking to be more 
expensive than sapphire even 
though it has certain technical ad- 
vantages, such as its conductivity. 
The advent of the GaN-on-SiC laser 
diode may highlight imperfections 
arising from using sapphire instead 
of SiC, but this has yet to be fully 
clarified. At this point in time it 
looks likely that the laser will be 
no exception to the ever growing 
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Figure 3. Philips" silicon MMICs are integrating passive components onto active discretes to 
create the first 'smart' transistors thus eliminating many of the time-consuming calculations 
that manufacturers need to do when designing with 'simple" transistors and allowing for the 
easy introduction of enhanced features. Philips has also leveraged its expertise in GaAs and 
QUBiC BiCMOS processes to offer customers the most appropriate high frequency RF tech- 
nology for their application. These new MMICs can be used in systems with operating fre- 
quencies above 2.4 GHz, providing the best high-gain RF capability of any silicon-based 
process, They can be used to create the next generation of mobile phones for every system 
used in the world today. 
family of opt0electronic devices 
being fabricated on sapphire. 
The market for GaN-based LEDs 
is evaluated and forecast in the re- 
cently published report GaN and 
Related Wide Bandgap Materials 
1996-2001, a sister publication to 
III-Vs Review.This report estimates 
that the market was worth some 
$227.7 million in 1996 with the 
preponderance of devices coming 
directly or indirectly from just two 
suppliers, one in Japan and one in 
the USA.The market is expected to 
approach $1 billion in size by 
2001, with the emphasis still on 
blue and blue-green LEDs, but with 
contributions from white lamps 
and [IV LEDs in the course of the 
next five years. 
The blue laser is said to be close 
to commercial launch and this 
could add significantly to the mar- 
ket, but not before 1999. Once 
again, this is likely to be based on 
GaN or SiC rather than II-VI materi- 
als. Already a 10 000 hour (estimat- 
ed) lifetime device has been 
demonstrated by Nichia Chemical 
Industries under Dr Shuji 
Nakamura. He is being followed by 
many laboratories around the 
world, and at the time of writing 
there were at least eight other 
groups which had reported work- 
ing room temperature short wave- 
length laser diodes based on 
InGaN: in North America, Cree 
Research, University of California, 
Santa Barbara (UCSB), Xerox Palo 
Alto Research Center (PARC), 
Hewlett-Packard-Meijo Labs and a 
recent announcement from North- 
western University; and in Japan; 
Fujitsu, Sony and Toshiba.We antici- 
pate at least one European group 
joining the blue laser diode club 
this year. 
The report does not expect 
substantial markets for GaN-based 
electronic devices until the next 
century. This is for two reasons: 
there is not a market pull of com- 
parable weight as there is for blue 
LEDs and lasers, and the technolog- 
ical thrust of the still relatively ira- 
mature GaN R&D activity is being 
directed towards optoelectronics. 
Just like optoelectronics, SiC 
may well beat GaN in the race to 
establishing a market for high tem- 
perature lectronic (HTE) devices. 
SiC technology in this area is fur- 
ther advanced than GaN and more 
R&D is being directed to this end. 
There are expectations of a useful- 
ly sized market for HTE, but it is 
unlikely to be substantial until after 
2000. At present the mining and 
petrochemical industries are dri- 
ving the HTE sector but growth is 
fairly steady. Other sectors are in- 
vestigating the use of SiC and related 
materials for automotive and aero- 
space sensors, high power  diodes, 
and other applications, but it will 
take some time for designers to be- 
come familiar with these new 
device opportunities. Until then 
they will continue to adopt the 
conservative approach and keep as 
much of the electronics remote 
from adverse environments.This is 
particularly true in the fiercely com- 
petitive automotive sector where 
cost is the strongest market driver. 
Equipment market 
looks strong 
Finally, we have to address what all 
these market segments have in 
store for the producers of equip- 
ment. Certainly, the anticipated 
growth of traditional materials and 
the emergence of the faster grow- 
ing novel sectors seems to indicate 
very attractive market growth for 
the purveyors of process materials 
and equipment. At all tiers of the 
process there will be a need for ef- 
ficient, reliable, low cost-of-owner- 
ship (COO), high yield equipment. 
The common requirement for the 
manufacture of all types of devices 
is the ability to mass produce as 
cheaply as possible. Nowhere is 
this better exemplified than in the 
continued use of liquid phase epi- 
taxy (LPE) and vapour phase epi- 
taxy (VPE) for mass production of 
LEDs or ion implantation for 
MESFETs and MMICs. However, 
these techniques are already falling 
III-Vs Review *Vo1.11 No. 1 1998 
24 
Markets Feature 
short of the needs imposed by 
new devices, while techniques 
such as metal organic vapour  
phase epitaxy (MOVPE) and mole- 
cular beam epitaxy (MBE) have 
been further developed to offer 
much improved CoO and yields. 
It is likely that the epitaxial 
processes that are now used for 
mainstream diode and FET-type de- 
vices, such as VPE, will be around 
for at least the next five years, after 
which they will be gradually 
phased out by the newer  process- 
es. Already, the MBE process is es- 
tablished as a mass product ion 
technique for MESFETs, HEMTs 
and HBTs. MOVPE, meanwhile,  is 
strong in optoelectronics and is 
the enabling technology for the 
UHB red LEDs and the GaN LED 
family, as well as for electronic de- 
vices such as HBTs and ICs. For 
GaAs microwave it will be the dis- 
crete device sector which will be 
the predominant  area for epitaxy 
with ICs coming into commercial  
status by 2001. 
Large equipment purchases are 
becoming common news items 
and although prices are seldom 
quoted, it is likely that one system 
will cost in the region of $500 000 
for an R&D reactor and $1.5 mil- 
lion for a multiwafer product ion 
system (neglecting peripheral 
equipment and service/support).  
The installed base of epitaxial sys- 
tems is fairly large at around 750 
machines of all types worldwide 
with over 50 in production. This 
would mean that the basic epitaxy 
equipment  market last year was 
worth around $100+ million, ne- 
glecting service and support.  
Future signs 
As well as being a substantial busi- 
ness, though often specialist by 
nature, III-V and related semi-con- 
ductors will continue to have a key 
role to play in modern electronics 
systems. A seldom appreciated 
point is that these materials are of- 
ten enablers of new market oppor-  
tunities for the mainstream silicon 
business. Frustrating though it 
might be to acknowledge, in very 
many cases it is a new III-Vs device 
which permits the product  to ex- 
ist, but it is silicon which gains the 
most from the markets it creates. 
Although the III-V semiconductor  
laser or the low noise HEMT have 
become substantial component  
markets in their own right they are 
small in comparison to the huge 
market for silicon devices they 
have created. Conversely, the 
III-Vs sector seems to be more ro- 
bust and has suffered far less than 
the more volatile sectors of the 
mainstream arkets. The signs are 
that it looks set to remain that way. 
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